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RESOURCE POTENTIAL:
THE BILLION-TON STUDY
• Joint advisory committee to the US DoE and 
USDA.
• Committee goal was to determine whether the 
land resources of the U.S. are capable of 
producing a sustainable supply of biomass 
sufficient to displace 30% of the country’s 
present petroleum consumption – approximately 
equivalent to one billion dry tons of biomass.
• Report published in April 2005.
ARE THERE SUFFICIENT BIOMASS RESOURCES 
TO REPLACE A SIGNIFICANT FRACTION OF THE 
NATION’S PETROLEUM REQUIREMENTS?
•Yes, land resources 
can provide a 
sustainable supply 
and still meet food, 
feed, and export 
demands
•Estimates are 
reasonable given 
trends and time for 
scale-up & 
deployment
What issues will need to be 
tackled prior to the development 
of a cellulosic ethanol bioeconomy?
• Best feedstocks for a given area
• Feedstock agronomy –
propagation, establishment, water 
management, fertility, pest 
control
• Feedstock handling – equipment to 
plant, harvest, storage

Energy Grasses
• should be perennial and persistent
• be native or noninvasive and exhibit positive environmental 
attributes 
• have high biomass yield potential
• be able to be established with seed or relatively inexpensive 
vegetative propagules
• have high nutrient and water use efficiency
• have broad genetic variability
• be harvested with typical equipment
U. of I. Current and Potential 
Feedstock Studies
• energy cane, miscane, ericane
• corn (maize)
• sorghum
• switchgrass and other tallgrass 
prairie species
• Miscanthus spp.
Energy Cane
maize
energy sorghum
Switchgrass
Traditional Forage varieties: 
• Lowland: Alamo, Kanlow, 
• Upland: Cave-in-Rock, Shawnee, Blackwell
New biomass varieties: 
• Lowland: Blade (Ceres inc.), NE-1, NE-2
• Hybrid: NE-H (Summer x Kanlow)
Why 
Switchgrass in 
U.S.?
• Native, warm-season, 
perennial
– Eastern 2/3 of North 
America
– Tallgrass prairie from soth 
Texas to Canada 
– Extensive genetic variation 
related to latitude
– Relatively easy to establish; 
good seed producer
– Long-lived sod-former
– Soil and water conservation
– C sequestration
– Wildlife habitat
big bluestem
prairie cordgrass
switchgrass
big bluestem Indiangrass
Low diversity
High output 
Mixture System
Tallgrass 
Prairie
Miscanthus Taxonomy
•11 - 12 species worldwide
–Miscanthus sinensis
–M.  sacchariflorus
–M.  x giganteus
•East Asia, Old world tropics, South 
Africa
•Closely related to sugarcane
--------- Miscanthus sacchariflorus
--------- Miscanthus sinensis
Background
• Miscanthus x giganteus  (Mxg) is an 
interspecific triploid hybrid
– Miscanthus sinensis (2n)  x
M.  sacchariflorus (4n)
• C4 photosynthesis
• Native to East Asia
M.  sacchariflorus
M.  sinensis ‘Adagio’
M.  x giganteus at UIUC
Diploid
2n=2x=38
Miscanthus 
sinensis
Tetraploid
2n=4x=76
+
Miscanthus 
sacchariflorus
Triploid
2n=3x=57
=
Miscanthus
x giganteus
STERILE
Naturally Occurring Hybrid
“Nagara’ Miscanthus
M.  sinensis and sacchariflorus
•M. sinensis
–Seed 
production
–Invasive
•M.  
sacchariflorus
–Rhizomatous
–Invasive
Miscanthus x giganteus
• Rhizomatous, warm-season grass. 
• Grows to 4 meters annually in Central 
Illinois.
• Has survived -26ºC and appears to 
require cold weather for senescence.
• Low input, low maintenance with limited 
commercial pests and diseases.
• Photosynthesis occurs at temperatures 
as low as 8ºC
Harvesting M.  x g. rhizomes

M.  x g. in Tissue Culture


First winter 
death of Mxg is 
a concern.
August, 2002 August, 2003
August, 2004 March, 2005

Stored bales of Mxg
and switchgrass
December
harvested
stems
Weed Control, Mxg
Eradication
2009 Rotation from Soybeans to 
Corn
Eradication
• Spring tillage and glyphosate 
application significantly reduced, 
but did not eradicate mature Mxg
• Re-growth from rhizomes below 
tillage depth likely
Final Thoughts
• The Southeastern U.S. will be a major 
feedstock production area.
• Most promising feedstocks will be 
herbaceous perennials, but annuals may fit 
in feedstock production scheme.
• We still have a lot to learn about feedstock 
agronomy, physiology, and infrastructure 
before we will have an efficient cellulosic 
ethanol bioeconomy.
• More research investment and government 
incentives needed to speed development of 
a cellulosic ethanol bioeconomy.
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2004-2006 Yields 
(tonnes/hectare)
Northern Illinois 
M. x g. – 22.0
Switchgrass – 4.9
Central Illinois
M. x g. – 34.7
Switchgrass – 11.6
Southern Illinois
M. x g. – 35.4
Switchgrass – 6.0
Questions?
